Background: Despite the established link between oral human papillomavirus (HPV) infection and a subset of oropharyngeal squamous cell carcinoma (OSCC), little is known about the epidemiology of oral HPV infection among healthy adults in China.
Introduction
Oral human papillomavirus (HPV) infection significantly increases the risk of head and neck squamous cell carcinoma (HNSCC), particularly oropharyngeal squamous cell carcinoma (OSCC; refs. 1-3). The incidence of HPV-positive OSCC caused mainly by HPV 16 has been rapidly increasing in younger adults from developed countries, such as the United States, Australia, and some European countries (4) . In China, although there lacks systematic analysis of the incidence trend of HPVpositive OSCC, HPV infection was recently detected in 17% of OSCCs from China (5), close to 18% to 36% in most studies from developed countries (6) (7) (8) . Compared with OSCC caused by smoking and drinking, HPVpositive OSCC represents a distinct molecular and clinicopathologic disease entity with a favorable prognosis (3, 5, 9) .
Given the increasingly important role of oral HPV infection in OSCC, understanding its distribution in cancer-free subjects and relevant risk factors are of importance to public health. Previous estimates of oral HPV infection in normal oral cavity mucosa vary substantially (0%-70%; ref. 10 ). This wide range may be attributed to differences in geographic region and sample size, as well as specimen collection, processing and detection procedures. Only a few large studies have been conducted, mainly in the United Sates. The reported prevalence of oral HPV infection in these studies has ranged from approximately 2% to 8%, and HPV 16 is the type most commonly identified (11) (12) (13) (14) (15) . Relevant risk factors have included male gender, oral sex, higher numbers of lifetime sexual partners, tobacco use, poor oral health, and cervical HPV infection (11) (12) (13) (14) (15) .
The epidemiology of oral HPV infection in healthy Chinese individuals has not been studied. This crosssectional study seeks to assess the prevalence of oral HPV infection in a large rural Chinese population and to determine associated risk factors.
Materials and Methods
A population-based prospective cohort study of risk factors for esophageal cancer in rural Anyang, China, has been previously described (16) . This investigation of oral HPV was conducted in 6 of the 9 villages involved in the original cohort study in 2009 to 2011. Eligibility criteria included: (i) age 25 to 65 years; (ii) permanent residency in one of the target villages; (iii) no history of cancer, mental disorder, or cardiovascular disease; and (iv) no history of HIV infection or AIDS. Written informed consent was obtained from all participants. This study was approved by the Institutional Review Board of the School of Oncology, Peking University.
Demographic and behavioral data
A one-on-one interview was carried out by a trained interviewer. A questionnaire was completed about demographic characteristics, smoking (one cigarette or more per day for !12 months: never, former, or current), drinking (Chinese liquor twice per week or more for !12 months: never, former, or current), dietary habits (meal temperature; fruit and vegetable consumption), sexual behaviors (oral sex; lifetime number of sexual partners), a habit of brushing teeth before sleeping, and self-reported history of oral disease in the past 12 months (e.g., ulcers, gum disease, or chronic inflammation). The number of missing teeth was counted by a trained interviewer.
Specimen collection
Before collection, participants were asked to wash away food remnants in their mouth by gently rinsing the mouth with 10 mL tap water for 5 seconds without being saved. A trained interviewer then collected exfoliated cells with a swab, by performing 5 strokes at each site as follows: the upper and lower lips, the left and right sides of the hard palate, buccal mucosa, top and bottom of the tongue, and the surface of the gingiva. The cells collected on the cotton swab were rinsed into a vial containing 1.0 mL of 0.9% saline solution. After centrifugation (3,000 Â g) for 10 minutes at 4 C, cell pellets were frozen at À80 C pending HPV testing.
DNA extraction, HPV DNA detection, and quality control DNA extraction was carried out on a Biomek 3000 automated workstation using the E.Z.N.A. Mag-Bind Tissue DNA Kit (M6223; Omega Bio-Tek, Inc.). The b-globin gene was evaluated in all extracted samples by PCR to assess adequacy for HPV DNA testing. HPV DNA in the b-globin positive samples was tested using a highly sensitive PCR primer set (SPF1/GP6þ), which amplifies a 184-bp fragment in the L1 open-reading frame (17, 18) . HPV types were determined by direct sequencing of PCR products or by cloning and sequencing.
Rigorous quality control procedures were used to prevent false-positive and false-negative results, as previously described (19, 20) . In each 96-well PCR reaction plate, the following negative and positive controls were included: 4 mouse liver DNA samples simultaneously processed with oral specimens; 3 controls without any DNA template; 2 sets of HPV 16 plasmid DNA, each containing 100, 10, and 1 copies admixed with 100 ng of human genome DNA. Test results were used only when controls met the following criteria: (i) all 7 negative controls were negative and (ii) at least one set of plasmid controls was positive and the signal intensity corresponded with input copy number. If any negative control was positive, testing was repeated.
The reproducibility of HPV DNA detection was assessed by randomly selecting 45 HPV-positive and 45 HPV-negative samples for a replicated test. Type-specific positive concordance was 80% (36 of 45) and negative concordance was 100% (45 of 45). For 9 HPV-positive samples, the replicated test showed negative results. Given the weak intensity of the PCR product bands, low viral load in these samples may explain the disconcordance.
Classification of HPV types
Using SPF1/GP6þ-mediated PCR and sequencing, a broad spectrum of HPV types could be tested (HPV 3, 6, 7, 10, 11, 16, 18, 26, 27, 29, 30, 31, 32, 33,  
Statistical analysis
Fifty-nine of 5,410 (1.09%) samples were b-globin negative and were excluded from statistical analyses. Differences in sociodemographic characteristics between participants and nonparticipants were tested with the x 2 test. To determine the independent factors for oral HPV infection, exposure variables that were statistically significant in univariate analyses, together with those reported risk factors (e.g., age, gender, marital status, smoking, and sexual behaviors), were evaluated in a multivariate logistic regression model. Tests for linear trends were performed by treating ordered categorical variables as continuous variables in the regression analyses. All P values presented are 2-sided and were considered statistically Table 1 . 
Results

Participant characteristics
A total of 5,410 eligible subjects participated in this study, accounting for 85.70% of residents who accepted baseline endoscopic examination in the 6 villages in the original cohort study. Based on baseline information of the original cohort study, 903 nonparticipants in this survey were more likely to be younger, to work in local area (not farming) and report oral sex practice, but less likely to drink formerly and lose teeth. Differences in the other sociodemographic characteristics between participants and nonparticipants were not significant (Table 1) . Fiftynine of 5,410 samples were excluded as b-globin was negative. The median age of the remaining 5,351 participants was 43 years (range 25-65), with a male-female ratio of 0.90. Overall, the majority of subjects had a level of education less than 9 years (91.46%) and were married or cohabiting (94.64%). Approximately 70.00% were engaged in farming (Table 1) . Cigarette smoking and alcohol consumption were common among men (65.25% and 36.80%), but rare among women (0.32% and 0.32%). A small percentage of subjects had !2 lifetime sexual partners (13.96% in men and 1.07% in women) or practiced oral sex (occurrence once or more, 4.14% in men and 3.94% in women). Those who had lost more than 10 teeth or had a history of oral disease accounted for 10.17% and 1.35%, respectively.
HPV prevalence and type distribution
Of the 5,351 samples, overall prevalence of a mucosal HPV was 0.67% [95% confidence interval (CI), 0.47%-0.93%; Table 2 ]. The most common oncogenic type was 
Risk factor analysis
The prevalence of a mucosal HPV was the highest in subjects younger than 35 years of age (0.93%), and decreased with increasing age (P trend ¼ 0.033; Fig. 1 and Table 3 ). In comparison, no significant difference in the prevalence of cutaneous HPV was observed across age groups (P trend ¼ 0.870; Fig. 1 Table 3 and Supplementary Table S1 ). Self-reported history of oral disease (e.g., ulcers, gum disease, or chronic inflammation) was significantly associated with a mucosal (OR, 4.41; 95% CI, 1.04-18.70) and cutaneous HPV infection (OR, 2.20; 95% CI, 1.04-4.63). After adjusting for age, gender, marital status, and sexual behaviors, subjects having oral disease were more likely to be a mucosal HPV positive (adjusted OR, 4.78; 95% CI, 1.07-21.41). There was no significant association of oral HPV infection with marital status, smoking, oral sex, or lifetime number of sexual partners.
Association of oral HPV infection between heterosexual couples
Of 1,614 couples who provided valid oral specimens, none had positive concordance for a mucosal HPV infection, whereas 12 had positive concordance for cutaneous types. In 66.67% (8/12), both partners harbored the same HPV type, including 7 couples concordant for HPV 3 and 1 couple concordant for HPV 10. Cutaneous HPV infection in the female partner was found to significantly increase the risk of HPV infection in the male partner with cutaneous types (adjusted OR, 2.33; 95% CI, 1.22-4.48; Table 4 ).
Discussion
To our knowledge, this is the first study in China investigating oral HPV infection among a large sample of healthy adults. Detection of a mucosal HPV was relatively rare (0.7%), with HPV 16 being the dominant oncogenic type (0.4%). Identified risk factors for a mucosal HPV included a younger age and self-reported history of oral disease. We also found that within couples, oral infection with cutaneous HPV in one partner might increase the risk of cutaneous HPV infection in the other partner.
HPV-positive OSCC was mostly caused by HPV 16 (1-3). In China, the age-standardized incidence of oral cavity and pharyngeal cancer was 1.7 per 100,000, with the malefemale ratio at 1.8:1.0 in 2009 (22) . HPV DNA was detected in 17% of 66 OSCC specimens from Chinese patients, with HPV 16 accounting for 73% of HPV-positive tumors (5). In the United States, the incidence of HPV-positive OSCC (at least 90% because of HPV 16) was estimated to be 2.6 per 100,000 during 2003 to 2004, predominantly among young men (23) . We found that HPV 16 was less prevalent in Chinese healthy adults (0.4%) than in the U.S. population (1.0%; ref. 12) , in keeping with the lower incidence of HPV 16-caused OSCC in China. However, the discrepancy in HPV prevalence should be interpreted with caution because the participants in our study were asked to gently rinse away food remnants commonly found in their mouth before cell collection, which might cause the loss of some HPV virions and decrease the detection of HPV. Cutaneous HPV infection was more commonly found in the oral cavity than a mucosal HPV, in agreement with the previous findings (15, 24) . Although cutaneous types typically found in benign lesions are currently believed to be nononcogenic (21, 25) , their pathologic consequences in oral mucosa remain unknown and warrant further investigation.
There is inconsistent evidence about the association of oral a mucosal HPV infection with age and gender.
Gillison and colleagues reported a bimodal age pattern of prevalence and a higher risk of infection in men than in women (12) . However, in another study composed of men from the United States, Mexico, and Brazil, a marginally significant increase in oral HPV prevalence was observed over increasing age groups (11) . According to our results, the prevalence of a mucosal HPV was the highest in subjects younger than 35 years of age, decreasing in subjects of older age. This is similar to the age pattern of cervical HPV prevalence throughout most of the world (26) . No gender difference was observed in the prevalence of a mucosal HPV in our study, consistent with the result from a systematic review among cancer-free controls (27) . It has been suggested that oral infection with a mucosal HPV was predominantly sexually transmitted (12, 15, 28) . We found that a mucosal HPV was more commonly detected in younger subjects who are sexually active. Moreover, the prevalence of a mucosal HPV in this population was higher for oral sex and ! 3 lifetime sexual partners, although the associations were not statistically significant. Given the low prevalence of a mucosal HPV, statistical power might be insufficient to detect these associations. Compared with westerners, the Chinese population, especially in rural areas, have relatively conservative sexual lifestyles, which may explain the low prevalence of oral infection with a mucosal HPV.
Notably, we observed that self-reported history of oral disease (e.g., ulcers, gum disease, or chronic inflammation) might increase the risk for a mucosal HPV infection. Few studies have examined this association, except one recently published study conducted in the United States (14) . Using data from a nationally representative sample, the study demonstrated that self-reported poor oral health was an independent predictor of oral a mucosal HPV infection. Individuals with oral disease may be more susceptible to oral infection with HPV, which may gain access through mucosa lesions or epithelial wounds in the oral cavity (29) . However, because of only a small number of subjects reporting oral disease and a potential for recall bias, this association needs to be validated through further research.
Our study also increases knowledge about oral HPV infection in heterosexual couples based on a large sample. We noted that only 8 couples had type-specific concordance for cutaneous HPV. Poor concordance may be attributed to the transient nature of HPV infection and the low prevalence of oral HPV infection. After adjusting for potential risk factors, cutaneous HPV in one partner significantly increased the risk of cutaneous HPV infection in the other partner. In our study, oral cutaneous HPV infection was not associated with age or sexual behaviors, consistent with the results from a recently published study in Costa Rica (15) . Other behaviors that were not investigated here, such as oral-oral contact, might play a role in cutaneous HPV transmission between couples.
This study has several limitations. First, because the prevalence of a mucosal HPV was highest among the younger group, the lower participation proportion of younger individuals would lead to underestimation of the prevalence. Moreover, younger nonparticipants are more likely to practice oral sex, which might attenuate the association of oral HPV infection with oral sex in this study. Second, although well trained interviewers carried out interviews in a private one-on-one setting, recall bias or under-reporting of risk behaviors cannot be excluded. This might be another reason for nonsignificant association of oral HPV infection with sexual behaviors. Third, the cell collection method used in this study may reduce the detection of oral HPV. The 2 most common collection procedures have been described, including mouth rinses/ gargles (30, 31) and swabs/cytobrushes (32, 33) . Rinse/ gargle specimens are believed to provide larger amounts and higher molecular weight DNA than cytobrushes/ swabs (34) . Brushing specimens might not reflect HPV infection status for the whole oral cavity like mouth rinses/gargles. In addition, gently rinsing the mouth to remove food remnants before collection might wash away some HPV virions. Finally, in view of the cross-sectional nature of this study, the observed associations with oral HPV infection cannot be literally interpreted as a temporal relationship. A prospective study with intensive followup is warranted so that these questions could be addressed more efficiently.
In conclusion, our study demonstrates the low prevalence of oral a mucosal HPV among healthy adults in rural China, and provides important clues on relevant risk factors. Further investigation is needed to determine the natural history of oral HPV infection in this population, as well as factors affecting oral HPV acquisition and persistence.
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